C ONGENITAL abdominal wall defects can be defined as eviscerated organs not covered by normal skin.' There are three distinct types: omphalocele, gastroschisis, and umbilical cord hernia.lT2 Omphalocele and gastroschisis are by far the most severe. An omphalocele is a defect of the abdominal wall at the umbilicus with herniation of abdominal contents, covered by a sac of amnion and chorion. The rectus muscles insert far apart on the costal margins.'x3 Its reported incidence is 1 in 4,1754 to 1 in 6,0003 live births. A gastroschisis is an abdominal wall defect adjacent to the umbilical cord (usually to the right of the midline). The defect has no sac or sac remnant, and the rectus muscles meet in the midline at the xiphoid. 1,5 Its reported incidence is 1 in 12,3284 to 1 in 30,0003 live births. It has, however, increased in incidence in the last three decades5 to the point that in recent series gastroschisis is twice as frequent as omphalocele.6,7
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ONGENITAL abdominal wall defects can be defined as eviscerated organs not covered by normal skin.' There are three distinct types: omphalocele, gastroschisis, and umbilical cord hernia.lT2 Omphalocele and gastroschisis are by far the most severe. An omphalocele is a defect of the abdominal wall at the umbilicus with herniation of abdominal contents, covered by a sac of amnion and chorion. The rectus muscles insert far apart on the costal margins.'x3 Its reported incidence is 1 in 4,1754 to 1 in 6,0003 live births. A gastroschisis is an abdominal wall defect adjacent to the umbilical cord (usually to the right of the midline). The defect has no sac or sac remnant, and the rectus muscles meet in the midline at the xiphoid. 1,5 Its reported incidence is 1 in 12,3284 to 1 in 30,0003 live births. It has, however, increased in incidence in the last three decades5 to the point that in recent series gastroschisis is twice as frequent as omphalocele. 6, 7 Until the late 1960s many children born with these defects did not survive. 4 With increasing survival rates in these children (especially those with gastroschisis),r-5,s many can be expected to lead normal lives in the absence of other major congenital malformations or syndromes. It has recently been shown that children with major lower genitourinary tract anomalies (bladder or cloaca1 exstrophy) can have orthopedic problems and congenital spinal deformities.9J0 To our knowledge, however, no one has investigated the presence or absence of musculoskeletal problems and/or congenital deformities in children with serious congenital abdominal wall defects. Since many of these children are now living, it was the purpose of this study to investigate the presence or absence of musculoskeletal problems in children with omphalocele and gastroschisis at the authors' institution.
MATERIAL AND METHODS
Sixty-six patients born with gastroschisis or omphalocele between the years 1975 to 1990 inclusive were identified at the University of Michigan C. S. Mott Children's Hospital. Children with umbilical cord hernias were not included in this review. There were 58 children with gastroschisis (30 boys, 28 girls) and 8 children with omphalocele (3 boys, 5 girls). A retrospective review of the charts and radiographs of these children was undertaken to determine primary diagnosis (gastroschisis or omphalocele), sex, other associated developmental or congenital problems, and the presence or absence of musculoskeletal problems. The primary diagnosis was determined by the pediatric surgeons operative note at the time of abdominal wall closure.
Sixty-two of the 66 patients had radiographs (55 with gastroschisis and 7 with omphalocele). The radiographs were reviewed to determine the presence or absence of any congenital spinal deformities on chest or abdominal radiographs. If other portions of the skeleton had been imaged, these radiographs were also reviewed. The radiographs reviewed were: babygrams (20 children), chest radiographs (40 children), abdominal radiographs (35 children), intravenous pyelogram (1 child), extremity radiographs (35 children), scoliosis radiographs (2 children), and skeletal survey (1 child). Many children had more than one type which were reviewed, accounting for 112 studies in 62 children. The most recent radiograph (oldest age) was reviewed for each child, although 84% had been performed within the child's first year of life.
RESULTS
Overall there were 11 children (17%) with 14 musculoskeletal problems. These were divided into limb deformities, spinal deformities, and metabolic problems. The limb deformities comprised three children with arthrogryposis, two children with digital deformities, and one child with a congenital knee subluxation. Two of the children with arthrogryposis had a gastroschisis. In one child, the involvement was primarily upper extremity with bilateral elbow extension and wrist flexion contractures, which were treated nonoperatively. In the other child the involvement was primarily lower extremity with bilateral club feet (treated operatively) and a knee flexion contracture (treated with serial casting). One child with an omphalocele had a contractural arachnodactyly. The two digital deformities occurred in a child with a gastroschisis who had a partial syndactyly of the second and third toes, and another child with an omphalocele who had an absent thumb distal phalanx. These two children died shortly after birth because of other severe congenital deformities. The final limb deformity was a congenital knee subluxation in a child with an omphalocele (Fig 1) .
The spinal deformities occurred in one child with gastroschisis and three children with omphalocele.
The child with a gastroschisis demonstrated a thoracolumbar scoliosis (T6-L3) at birth of 46" without congenital vertebral malformations. This child died shortly after birth from severe pulmonary hypoplasia.
One child with an omphalocele demonstrated at birth a severe lordoscoliosis (78" lordosis, 90" scoliosis from T5L3) with multiple vertebral anomalies (Fig 2) . This child also died shortly after birth from associated anomalies including entire ventral body wall disruption with total exstrophy of the heart and lungs. There were two other children with omphalocele (who survived) and had spinal deformities. One showed a very mild scoliosis and associated lumbar platyspondyly. The other child had an associated congenital 585 vesicovaginal-rectal fistula and developed an idiopathic-like scoliosis (Fig 3) , which eventually required posterior spinal fusion. Congenital spinal malformations were radiographically present in only one child (previously described, Fig 2) . This was determined upon review of babygrams in 20 children, chest with or without abdominal radiographs in 39 children, and 2 children with scoliosis radiographs. This gives an incidence of congenital vertebral anomalies in this patient population of approximately 1%.
Metabolic problems occurred in three children with severe nutritional difficulties and osteopenia on plain radiographs. One child with gastroschisis required home parenteral hyperalimentation secondary to a severe short gut syndrome due to superior mesenteric artery occlusion. Another child with gastroschisis and prematurity had nutritional rickets, and developed pathological fractures of the right proximal humerus, right proximal tibia, left proximal femur, and left distal radius at 3 months of age. A third child with gastroschisis had a prolonged course with necrotizing enterocolitis and secondary nutritional difficulties.
In 42 children, the pelvis and hips could be clearly seen on the abdominal radiographs or babygrams. Although the majority were within the first year of life, no hip dysplasia or sacral/pelvic anomalies could be identified. Review of all the other extremity radiographs was also normal except as previously mentioned.
A summary of the musculoskeletal problems is shown in Table 1 . The congenital anomalies and developmental problems in other organ systems are shown in Table 2 . Five of the 8 children with omphalocele (63%) had 8 associated conditions, whereas 16 of the 58 children with gastroschisis (26%) had 20 associated problems.
DISCUSSION
The 17% incidence of musculoskeletal problems in this series of children with gastroschisis and omphalocele is not as high as seen in some other abdominal anomalies. Greene et al9 recently reported a 100% incidence of musculoskeletal problems in children with cloaca1 exstrophy. Children with the prune-belly syndrome are also known to have musculoskeletal involvement in one third to one half of cases."J* Arthrogrypotic deformities were present in this series in 5 children (8%), which is much higher than the 0.03% overall incidence of arthrogryposis.i3 We feel that the 17% incidence of all musculoskeletal problems is much higher than the expected incidence in a population of normal children, and that an association does exist.
To understand these abdominal defects and their associated anomalies, one must understand their embryology. The abdominal wall starts to form embryologically around the fourth week of gestation.l,14 At the end of the third week (day 20 to 23) the flat three-layered embryonic disc develops head and tail folds. The development of an omphalocele is felt to be a primary migration failure of one of the body folds during the fourth week of gestation.'J5 The most common omphalocele results from a failure of the lateral fold. If there is a failure of the cephalic fold, then a supraumbilical omphalocele syndrome can develop (eg, Cantrell's pentalogy). If there is a failure of the caudal fold, then an infraumbilical omphalocele syndrome can develop (eg, associated with cloa- cal exstrophy). The period of organagenesis is also between the fourth and eighth week.16 Thus, an insult that would lead to failure of body fold migration during the fourth week could also lead to other organ system malformations. This explains the higher incidence of associated anomalies in children with omphalocele compared with gastroschisis.
The development of a gastroschisis has been explained by two different theories. Hoyme et all7 believe that a thrombosis of the vitellointestinal artery could cause a gastroschisis and also explain the 15% incidence of associated intestinal atresia in these children. However, the vitellointestinal artery does not supply the ventral abdominal wall, and thus most authorities presently do not subscribe to this theory.15 Shawl8 feels that a gastroschisis comes from a rightsided rupture of the physiological umbilical hernia occurring at the site of the weaker involuting right umbilical vein. This explains the predominance of right-sided gastroschisis. This vein disappears in the sixth week. By this time, the major organ systems have initially formed, explaining the lower incidence of associated anomalies in these children. The associated intestinal atresia in these children is felt to be the result of vascular obstruction to the intestines protruding through the defect. Although both gastroschisis and omphalocele are known to have additional malformations, they are much more common in children with omphalocele.3J-
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incidence of associated congenital anomalies ranges from 5% to 39%5,8,6J9 in children with gastroschisis and from 38% to 66%6,8J9 in children with omphalocele. Children with omphalocele also have an increased incidence of chromosomal abnormalities (eg, trisomy 13 or 18) and syndromes.6-8J5J9 Although the most common type of omphalocele is the lateral fold defect (also known as the central or epigastric type), ls2,15 they can also be superior or inferior to the umbilicus.1,6*7J5 These types are more often part of a syndrome and have a higher incidence of other congenital anomalies. The upper cephalic fold defect (also known as the upper midline omphalocele) is associated with sternal, diaphragmatic, pericardial and cardiac defects1s6,7 (Fig 2) . A severe form is the pentalogy of Cantrell which consists of an epigastric omphalocele, a lower sternal cleft, anterior diaphragmatic and pericardial defects, and congenital cardiac lesions.14 The caudal fold defect (also known as the lower midline omphalocele) is an omphalocele associated with cloaca1 or bladder extrophy, imperforate anus, or colonic agenesis.1T6, 7, 15 The types of associated problems in children with omphalocele and gastroschisis include cardiac malformations (more common with omphalocele), intestinal atresias (more common with gastroschisis, especially jejunoileal), chromosomal abnormalities (more common with omphalocele), prematurity (more common with gastroschisis), and various other defects (facial anomalies, diaphragmatic hernias, cranial defects and hydrocephalus/hydromyelia, myeloceles and meningomyeloceles, and genitourinary anomalies). The types and frequencies in this series (Table 2) are similar to the other series mentioned above. This is the first study to specifically look at musculoskeletal involvement in these children. Musculoskeleta1 anomalies have only been briefly mentioned in other series. Mayer et al6 described polydactylism in one child with an omphalocele, and bilateral hip dislocations, cloaca1 exstrophy and hydromyelia in another child with omphalocele. Klein et al2 noted musculoskeletal anomalies in 2 of 6 children with omphalocele and in 1 of 18 children with gastroschisis. The exact description of these anomalies was not given. Mabogunje and Mahour briefly mentioned orthopaedic problems in 1 child each with gastroschisis and omphalocele. Again the exact description was not given. Kim3 reported limb and vertebral anomalies in children with omphalocele; the exact incidence was not given. Stringel and Filler19 described meningoceles in 1 child each with gastroschisis and omphalocele but did not mention if they had associated orthopaedic involvement. Moore,' in a literature review of 514 combined cases of gastroschisis and omphalocele, only alluded to 1 child with an unspecified musculoskeletal problem.
In this series of 66 children, there were 11 children (17%) with 14 musculoskeletal problems. These musculoskeletal problems can be divided into anatomic deformities (either congenital or developmental) and metabolic problems. The metabolic problems were osteopenia secondary to malabsorption difficulties resulting from the underlying abdominal defect or rickets of prematurity,*O and associated with pathologic fractures in one child. Five of the congenital anatomic deformities were arthrogrypotic in nature and could be related to a decreased intrauterine space. Decreased intrauterine space from oligohydramnios, as seen in the prune-belly syndrome" and Potter's syndrome,21 is felt to be the cause of severe deformities (arthrogryposis and associated clubfeet, dislocated hips, lower limb hemimelias, and others). A bicornate uterus or one with a fibroid that encroaches upon the available intrauterine space can also result in malformed limbs.22 We therefore postulate that eviscerated organs in the gastroschisis and omphalocele children decrease this space, resulting in arthrogrypotic-like deformities.
Scoliosis is associated with arthrogryposis (2.5% to 34% incidence). 23 Herron et a123 found that one third of the patients in their series had scoliosis at birth while Daher et al24 noted this in one fifth of their patients. None had congenital vertebral anomalies. The curves often extended to the sacrum and were lordotic in nature. This was also similar to one of the two arthrogrypotic scolioses noted in this series. The other one in our series was associated with congenital vertebral and rib anomalies. This is similar to the pattern of curves noted by Drummond and MacKenzie,25 where one half of the children in their series had congenital vertebral anomalies.
Two of the anatomic deformities were defects in phalangeal development. These two phalangeal deformities correlate embryologically. One child with a gastroschisis had a partial syndactyly of the toes. The toe rays of the foot are just beginning to develop in embryos of 44 days gestation (6.3 weeks), but the foot plate is not yet definitely notched.26 Separation of the digits occurs shortly thereafter. A syndactyly can occur at this time. This also corresponds to the time of gastroschisis development as theorized by Shaw.'* The other child with a phalangeal deformity (absent distal phalanx of the thumb) had an omphalocele. The mesenchymal anlaga of the hand bones are formed between 33 and 41 days of gestation (4.7 to 5.8 weeks). This also correlates closely with the development of an omphalocele during the fourth week.
In this review, we specifically looked for the presence or absence of congenital spinal anomalies. The spinal mesenchymal anlaga form during the late fourth to sixth weeks of intrauterine life.9,16%27 It is known that congenital vertebral anomalies are associated with upper genitourinary anomalies,28-30 bladder and cloaca1 exstrophy,YJO and imperforate anus.31 The development of the upper genitourinary system and cloaca1 division into the bladder and rectum also occur during the fourth to sixth weeks of intrauterine life 28-30,32-34 explaining this association. In this series, 3 the only congenita1 vertebral anomaly occurred in a child with an omphalocele, which embryologically is presumed to occur during the fourth week of gestation. Since congenital vertebral anomalies occur during the fourth to sixth weeks of gestation, and since we encountered no congenital vertebral anomalies in any of the 58 children with gastroschisis which we reviewed, we feel this review supports the embryological origin of gastroschisis occurring after the sixth week.
A developmental deformity which could potentially occur in these children is that due to cerebral palsy. Up to 65% of children with gastroschisis are born premature.@ Many cerebral palsy children are born premature or have fetal malformations.35J6 Although we surprisingly did not encounter any of these chil-589 dren developing cerebral palsy, it should be kept in mind by physicians when evaluating this group of children. We have no explanation for this finding.
In summary, this review of children with gastroschisis (58 cases) and omphalocele (8 cases) confirms the increasing incidence of gastroschisis (7.25:1 in this series, the highest reported to date). We have confirmed, as reported by others, the higher incidence of associated congenital anomalies in the children with omphalocele compared to those with gastroschisis. We have demonstrated 14 musculoskeletal problems in 11 children (17%). Approximately one third of the problems (5/14) were arthrogrypotic in nature and felt to be secondary to the abdominal wall defect and evisceration causing intrauterine space problems.21~2Z The remaining problems were congenital deformities of minor significance (eg, partial syndactyly); developmental metabolic problems from malabsorption difficulties directly related to the intestinal defects or prematurity, occasionally resulting in fractures; and late developmental orthopaedic deformities (eg, scoliosis in adolescence). The congenital deformities can be temporally related to the embryology of the particular abdominal wall defect. Finally, late problems can also occur (eg, scoliosis in adolescence) and the clinician should be aware of this. The new information from this study will enable those of us involved with these children to be aware of potential musculoskeletal problems and provide a better total care.
